The two major confirmatory tests for syphilis are the Treponema pallidum immobilization (TPI) test (Nelson and Mayer, 1949) , and the fluorescent treponemal antibody-absorption (FTA-ABS) test (Hunter, Deacon, and Meyer, 1964) . Since T. pallidum cannot be cultivated in vitro (Willcox and Guthe, 1966) , the organisms used as antigen in both tests are maintained by injecting testicular extract containing T. pallidum into the testes of rabbits.
The extent of the immunological response of the rabbit host to the testicular extract containing T. pallidum during the 7-to 9-day growth period is not well understood, particularly with respect to an immune response to the rabbit material. Milgrom (1965) reported that antisera from rabbits immunized with altered autologous gamma globulin had all the serological properties of rabbit antisera against human gamma globujlin. Reactivity with some human sera may be due to antibody development to testicular material accompanying T. pallidum subsequently used as test antigen.
In this paper, evidence is presented that globulin and antiglobulin factors are present in close association with T. pallidum when these organisms are obtained from rabbits and that these factors react with human as well as rabbit globulin.
Material and methods

TREPONEMA PALLIDUM ORGANISMS
The TPI testing unit of this laboratory supplied the fresh lots of T. pallidum employed in these studies. These treponemes were harvested from rabbit testicular syphilomas that developed 5 to 10 days after intratesticular injection with T. pallidum. These organisms met all the requirements established for the TPI test (Communicable Disease Center, 1964) . The suspensions of fresh organisms were stored 1 to 2 weeks at 4°C. in the extraction fluid. Additional lots of T. pallidum were lyophilized until reconstituted for use as antigen in the FTA-ABS test (Communicable Disease Center, 1969) . RABBIT SERA Sixteen rabbits were inoculated intratesticularly with not less than 2-5 x 107 T. pallidum per rabbit. The rabbits Received for publication April 8, 1974 were bled before and 8 days after inoculation. Most sera were stored at 4°C., but a few were stored at -20°C. All paired sera were examined in the same test run.
ASSAY FOR ANTIGLOBULIN FACTORS
Since Milgrom (1965) has reported that rabbit antiglobulin factors may show specificity for rabbit and/or human globulin, each specificity was assayed.
To detect antihuman globulin reactivity, latex particles sensitized with human gamma globulin (RA test, Hyland Laboratories*) were used. The rabbit sera were tested unheated at a dilution of 1: 20 in glycine buffer, pH 8-0. The undiluted rabbit testicular extracts (containing T. pallidum) were tested unheated and after heating at 560C. for 30 min. Antiglobulin agglutination reactivity was scored on a scale ranging from ± to 4+.
The Rose-Heller test reported by Sonnenwirth (1963) was used to assess reactivity against rabbit globulin. In brief, fluids were tested for their ability to agglutinate sheep erythrocytes sensitized with a subagglutinating dose of rabbit haemolysin. As described in the technique, the rabbit sera were heated at 56°C. for 30 min. and absorbed with normal sheep red blood cells (RBC) before being tested. Standard methods (Communicable Disease Center, 1959) 2+ -
Presence of antihuman and antirabbit globulin factors in the serum of rabbits inoculated with T. pallidum To determine if the anti-globulin factors demonstrable in the extracts of rabbit testicular syphilomas were part of a generalized antiglobulin response, the sera of rabbits in which T. pallidum had been grown were tested. The paired sera from sixteen rabbits were tested for reactivity by using latex particles sensitized with human gamma globulin. All preinoculation sera were nonreactive; however, twelve of the postinoculation samples had significant amounts of antiglobulin reactivity (Table IV) . (Table V) . (Milgrom, 1965) .
Another possible stimulus is rabbit gamma globulin. Since the organisms injected in the initial inoculum were extracted from rabbits, rabbit serum proteins, including gamma globulin, from the donor animal entered the extraction fluid along with the Our interest in whether or not rabbit globulin is associated with T. pallidum grown in rabbits was stimulated by our observation that in control slides the FITC-conjugated goat antiserum to rabbit globulin stained T. pallidum.
Our first thought was that the reactivity observed in the antibody globulin from the goat in which the antirabbit globulin antiserum was produced was natural or acquired reactivity to treponemal 'group' or 'common' antigens. This explanation was given by Deacon and Hunter (1962) . The reactivity is similar to that reported to occur in approximately 20 per cent. of normal humans (Hunter, and others, 1964) . Such goat antitreponemal antibodies would have been conjugated with FITC along with the induced goat antirabbit globulin antibodies.
The results shown in Table I indicate that goat antitreponemal reactivity could have been making some contribution to the observed staining, since absorption of the conjugate with nonpathogenic cultivable Reiter treponemes removed or reduced its ability to stain many lots of T. pallidum. However, Reiter treponemes routinely grown in this laboratory are grown in media supplemented with rabbit serum, and Gelperin (1951) reported that serum proteins in the growth medium might adhere to Reiter organisms. Thus, there is a possibility that the diminution in staining after absorbing the FITCconjugated antirabbit IgG with Reiter organisms may result from rabbit globulins or other serum proteins present on the Reiter treponemes and not from the treponeme itself. In any event, after the conjugate was absorbed with Reiter treponemes, it continued to stain certain lots of T. pallidum, and this staining must be explained. The variability in the degree to which lots of T. pallidum grown in different rabbits were stained with a single antiserum (Table I) suggests that at least some of the factors being recognized by the fluorescent antiserum are present on the T. pallidum organisms in different amounts.
This variability could result from unrecognized factors related to storage and handling of the individual lots of T. pallidum suspension, but it was also reminiscent of the well-known heterogenicity of the immune response within a group of noninbred rabbits. If the immune response of a rabbit were brisk, then the T. pallidum organisms harvested from that animal might be coated with rabbit anti-T. pallidum antibody globulin.
The results shown in Table II (Table VI) . However, neither the TPI nor the FTA-ABS tests had become reactive, and this may explain why relatively little attention has been given to the early antibody response of rabbits to T. pallidum. Our demonstration of a prompt response is in accord with our finding that rabbit globulins can be associated with the T. pallidum organisms in the FTA-ABS antigen, since this antigen is, at the present time, either prepared like TPI antigen (except that for use in the FTA-ABS test the T. pallidum suspension is lyophilized for storage and reconstituted later) or by the method of Hunter, Creighton, and Lewis (1970) . Subimmobilizing amounts of rabbit antibody globulin may also be present on the T. pallidum organisms routinely used as antigen for the TPI test. Although Hunter and others (1970) reported that rabbit globulin was not present after two washings of the T. pallidum, as demonstrated by the addition of a 1: 10 dilution of fluorescein-labelled antirabbit globulin, the authors failed to show the presence of rabbit globulin before washing. In this study two of the lots of T. pallidum antigen were nonreactive when overlaid with antirabbit globulin.
These results may have a bearing on the mechanisms by which syphili tic sera are reactive in the TPI and FTA-ABS tests, but further evidence is needed before definite conclusions can be drawn. Fife (1964) theorized that, because of the reactivity of rheumatoid sera with T. pallidum in a particular immunofluorescent test, some rabbit globulin might coat T. pallidum even within the usual 7-to 9-day growth period. Wilkinson and Rayner (1966) , using immunofluorescent methods, identified rabbit globulin on T. pallidum when the organisms grew in rabbits for 14 or more days, that is, for longer than the conventional growth period. They also showed that rheumatoid sera could react with T. pallidum if gross amounts of rabbit globulin coated the organisms. Further studies should be performed to ascertain whether syphilitics evidence similar reactivity toward the somewhat smaller amounts of rabbit globulin which may be present on routinely obtained T. pallidum. In this connection Kunkel, Simon, and Fudenberg (1958) , Peltur and Christian (1959) , Dresner and Trombly (1959) , Cathcart, Williams, Ross, and Calkins (1961) , Williams and Kunkel (1962) , Schrohenloher (1967) , and Mustakallio, Lassus, and Wager (1967) reported that syphilitics have an increased incidence of antiglobulins, that is, of rheumatoid factors.
The experiments described in this paper do not exclude the possibility that T. pallidum itself possesses an antigenic determinant similar or identical to one on the rabbit and human globulin molecule. This possibility, or the possibility that the T. pallidum organisms may become coated with host globulin, suggests that recognition of 'self' globulins may be associated with T. pallidum grown in rabbits (Hardy and Nell, 1955; Christiansen, 1963; Julian, Portnoy, and Bossak, 1963; Miller, Bekker, de Bruijn, and Onvlee, 1966; Hardy and Nell, 1957; Jones, Nevin, Guest, and Logan, 1968) . Thomas, Clark, Cline, Anderson, and Russell (1972) found that repeated c6ntrifugation and re-suspension diminished the reactivity of T. pallidum with FITC-conjugated antiserum to rabbit globulin, and they suggested that rabbit globulin might thus be removed from the organisms.
In these studies it was not possible to determine the exact manner in which rabbit globulin and antiglobulin factors are associated with certain lots of T. pallidum; if there is union with the treponemes, it may be through antigen-antibody linkages or nonspecific adherence. Moreover, the globulin and antiglobulin factors may also react to varying degrees with each other once either becomes associated with the treponeme. Whatever the situation, the role of rabbit globulins and antiglobulins associated with T. pallidum merits further exploration regarding the reactivity of standard tests for syphilis in which T. pallidum is used as antigen.
Summary
Many lots of Treponema pallidum organisms extracted, after the usual 7 to 9 days of growth, from rabbit testicular syphilomas stain with fluorescein-conjugated goat antirabbit globulin. Absorbing the conjugate with rabbit globulin removes or greatly reduces this staining. Heat-labile rabbit antiglobulin factors reactive with human globulin are associated with the extracted T. pallidum. The sera of rabbits from which T. pallidum is extracted contain antiglobulin factors that are reactive with human and rabbit globulin. These sera are also reactive in several serological tests for syphilis but not in the TPI and FTA-ABS tests. These findings that rabbit globulins and antiglobulins can be associated with routinely obtained T. pallidum may have a bearing on the mechanisms by which syphilitic sera are reactive with T. pallidum in specific serological tests for syphilis. 
